Introduction
If mammalian embryos are transferred from one female to another by appropriate methods maximum conception is obtained when there is little difference in the interval from oestrus to surgery in donor and recipient females. This observation was first made in rabbits (Chang, 1950) and has been confirmed in many other laboratory and farm animals (see bibliographies by Adams & Abbott, 1971; Adams, 1975) . In sheep, conception rate is only slightly less than maximum if the interval from oestrus to surgery for donor and recipient ewes differs by 2 days, but almost no conception occurs if there is a 3-day difference (Moore & Shelton, 1964; Rowson & Moor, 1966) . It is not known why embryos fail to implant in asynchronous recipients. Two hypotheses have been put forward (Rowson & Moor, 1966) : (1) failure to establish pregnancy may follow an inability of the embryo to prevent luteolysis or to provide other signals to the recipient; or (2) there may be a fatal modification in embryo development caused by exposure to an inappropriate uterine environment because embryonic development is modified in the uterus of an asynchronous recipient (Lawson, 1977) and in ewes treated with progesterone (Wintenberger-Torres, 1967) .
Both of these hypotheses have been tested in the present study. (Hunter, Adams & Rowson, 1955 (Whittingham, 1971) . Embryos were transferred into the uterine lumen of the recipient with a Pasteur pipette whose tip had been rounded in a flame (Hunter et al, 1955 (Robinson, 1951) . When possible, the embryos from one donor were used in more than one treatment. At the time of the second transfer the stage of development of the embryos was recorded and they were photographed under bright-field and phase-contrast microscopy.
The second recipients were observed for a return to oestrus and slaughtered 32-41 (Group 1) or 51-58 (Group 2) days after oestrus. Embryos were recovered from the uterus, the crown-rump length was measured and the normality of development was assessed. (Fléchon, 1978) .
Effects on implantation rate and embryo size. There were no implantations from the 15 embryos transferred into and left in an asynchronous recipient (Groups la and 2a). In the other groups, conception rate and implantation rate were similar except after exposure of Day-6 morulae to a Day-9 ewe for 3 days (Group 2c) when overall survival was 14% compared to 70, 62 and 50% in Groups lb, lc and 2b respectively.
The implantation data summarized in Table 3 were analysed by fitting a linear-model using a logistic link function (GLIM computer program; Royal Statistical Society). This showed that there was significant variation between recipients in the success of a transfer, and that Group 2c was less successful than Groups lb, lc and 2b (P < 0-05). These results confirm and extend the observations (unpublished) of R. A. S. Lawson & L. Cahill who transferred an asynchronous and a synchronous embryo into 9 ewes: 6 ewes received advanced embryos and 3 ewes received retarded embryos; 8 ewes conceived, but all the fetuses were from the synchronous transfer. Taken in conjunction with the observations in Exp. 1, these results provide convincing evidence that a synchronous embryo which prevents luteolysis and establishes pregnancy is unable to protect an asynchronous embryo and allow it to develop to term. As reported by others, embryos transferred into recipients which were oestrus 3 days before the donors were unable to implant (see Rowson & Moor, 1966) .
The apparently advanced state of development of embryos recovered after 3 days in a recipient which had been in oestrus 3 days earlier than the donor extends observations by Lawson (1977) . However, these present observations also established that the effects of the environment vary with the stage of development and that exposure for only 3 days may fatally modify development. Further studies are being carried out to determine whether the difference between stages reflects changes in the sensitivity of the embryo, or changes in the uterine environment or both. It may be that Day-3 to Day-6 embryos are insensitive to the factors which modified Day-6 to Day-9 embryos, or that the uterine factors concerned are present on Days 9-12 but not on Days 6-9.
The inability to implant in a second recipient could reflect an abnormal development or the apparently advanced stage of development. At this time the embryos were equivalent in age to Day-9 embryos, but had the appearance of Day-10 or -11 embryos. Although transfer of Day-11 embryos into Day-9 recipients has not been carried out, it would be expected to yield conception rates around 50% (Rowson & Moor, 1966 ) compared with 2 of 10 recipients conceiving in Group 2c (2 of 14 embryos survived). This difference suggests that, although the embryos were larger than embryos transferred synchronously and apparently normal, the development should be considered to be abnormal rather than accelerated along the normal path.
The effect in sheep is apparently different from that observed in rabbits (Adams, 1971) or rat (Dickmann & Noyes, 1960) (Noyes, Doyle, Gates & Bentley, 1961) and mice (Aitken, Bowman & Gould, 1977) when transfer of embryos from a donor which was in oestrus before the recipient was followed by attainment of a greater fetal weight. The effect in mice and rats was attributed to the longer period available for growth of the embryo and trophoblast before implantation (Aitken et al, 1977 Thorburn, Bassett & Smith, 1969) , although characteristics such as the timing of increased progesterone concentration and the rate of increase have not been adequately reported for individual ewes. Similarly, it is known that there is great variation in the stage of development of embryos recovered on any particular day after oestrus (see WintenbergerTorres, 1967 ). On Days 1-5 the variation was equivalent to 0-5-1-8 cell devisions (Wintenberger-Torres, 1967) and by fitting a linear regression to her estimates of cell number after a log transformation, it can be estimated that each cleavage requires approximately 22-5 h. It is postulated that luteal function and early embryo development (at least to Day 4) are sufficiently independent to allow a significant spontaneous asynchrony to develop, and that in the 2nd week after mating this causes abnormal embryo development which leads to embryonic death. As there is variation in the stage of embryo development within a ewe which has several ovulations, such asynchrony need not affect every embryo.
